Phragmites australis (common reed) is one of the most widely distributed flowering plants in North America. The introduced lineage occurs in wetland and riparian areas covering a range of climatic types. In Nebraska, an abundance of livestock could help to reduce P. australis with proper timing and grazing intensities. In 2011, a 3-yr study was initiated to evaluate targeted cattle grazing and herbicide effects and the nutritive value of this species. Treatments included a single application of imazapyr (Habitatt, BASF Corporation, Research Triangle Park, NC) herbicide applied in the first year, grazing, and a control. Grazing was applied for up to five consecutive days in June and August 2011 and 2012 and in June 2013. Stem density, height, and biomass of P. australis were determined before each grazing period and in 2014. Diet samples were collected from rumenally fistulated steers each grazing period. Imazapyr provided 100% control of P. australis; however, re-establishment began 2 yr posttreatment. Grazing significantly reduced pregrazing P. australis biomass in the second and third growing season (P , 0.05). Stem density and height in the grazed treatment was similar to the control through 2012; however, in 2013 and 2014, control stem density was 1.5 times greater and height was 1.4 times that of the grazed treatment. Crude protein content of diet samples was greater in 2011 (16.8%) compared with 2012 (14.3%, P , 0.05). In vitro dry matter digestibility (IVDMD) of diet samples (45.4%) was not affected by year or month (P . 0.05). The relatively low IVDMD suggests that some form of energy supplementation would be needed to create a better nutritional balance. The cumulative effect of grazing does have the potential to reduce P. australis populations, but other methods would have to be used for greater control and site restoration. Nomenclature: Common reed, Phragmites australis (Cav.) Trin. ex Steud. PHRCO.
In North America, P. australis is one of the most widely distributed flowering perennial grass plants (Saltonstall et al. 2010) . The introduced form of P. australis has invaded many regions and established large monocultures that cover hundreds to thousands of hectares (Carlson et al. 2009; Herrick and Wolf 2005; Meyerson et al. 2010; Whyte et al. 2008) . The effects of these large infestations include loss of habitat for threatened and endangered species, reduced plant diversity, and impediment of surface water flow in river systems (Knezevic et al. 2008) . The effects from the establishment of P. australis can be long lasting, leaving legacies that are neither desirable nor easy to change (Corbin and D'Antonio 2012) .
In many riparian areas located in arid to semiarid climates, significant alterations have occurred to hydrological regimes through the construction of dams, bridges, and irrigation diversion structures (Auble et al. 2005; Kustu et al. 2010) . The changes in stream flow and subsurface moisture content from scheduled releases and periodic pulse flows of water have allowed for the creation of new plant assemblages that include many nonwetland types (Glenn and Nagler 2005; Merritt and Wohl 2002) . Although the conditions of low water flow and availability can deter the establishment of native riparian plant species, some invasive plants, such as P. australis, are thought to be able to survive and even spread because of extensive underground rhizomes, stomatal distribution on leaves, and a high leaf area index (Saltonstall and Stevenson 2007; ). In addition to rhizomes and stolons, P. australis also reproduces sexually from seed. Local spread of P. australis is predominantly through vegetative growth and regeneration, whereas establishment of new populations occurs through dispersal of seeds, rhizomes, stolons, and sod fragments (Gucker 2008) . Extensive rhizome and stolon growth produces dense P. australis stands. Rhizomes are thick, ''deep seated,'' and scaly and can grow to 20 m long and at depths . 1 m (Holm et al. 1977) . When P. australis replaces other vegetation and creates dense monotypic stands, changes occur in native plant diversity, soil properties, nutrient use patterns, sedimentation rates, bird and fish habitat use, and entire food webs (Gucker 2008; Saltonstall and Stevenson 2007) .
In Nebraska, the most extensive populations of P. australis are along the Platte River and, to a lesser extent, in the river's associated tributaries, canals, and ditches. In many of these locations, Phragmites populations have become so dense that the most effective and economical management treatment has been limited to the use of herbicides. This is of particular concern with an increased awareness of potential off-target movement of chemicals and the rise in regulations for landowners and private applicators using herbicides (Rapp et al. 2012) .
Alternatively, the use of livestock to graze P. australis might have the potential to reduce stands, which may help lower the need for herbicides or mechanical restoration in sensitive habitats, such as riparian and wetland areas. Although herbicide and mechanical treatment research has been common, Hazelton et al. (2014) reviewed P. australis management in the United States and found relatively few empirical studies evaluating grazing in North America. Brundage (2010) found that targeted grazing by goats significantly reduced P. australis density, height, and biomass and increased species diversity in a Maryland wetland. In Utah, Hazelton et al. (2014) reported that some control of P. australis in wetlands was evident when managed under high-intensity, short-duration grazing and inland saltgrass [Distichlis spicata (L.) Greene] was used as an alternative species.
European studies involving targeted grazing of Phragmites are more common. In the Netherlands, for example, year-round, heavy grazing by cattle and horses was successful in reducing P. australis and creating a plant community with a mosaic structure of short, desirable forage grasses and tall forb species (Vulink et al. 2000) . Van Deursen and Drost (1990) concluded that timing and extent of grazing must be such that the cycle of carbohydrate storage is significantly altered by leaf area removal during mid and late summer when storage of new reserves is occurring.
The time when grazing occurs has been shown to influence plant carbohydrate reserves, annual current-year herbage yields, and plant physiology and morphology characteristics of other grassland species (Engel et al. 1998; Mullahey et al. 1990; Reece et al 1996) . In particular, Mullahey et al. (1991) found that prairie sandreed [Calamovilfa longifolia (Hook.) Scribn.], a common warm-season grass in the Nebraska Sandhills, had reduced rhizome bud development with June, July, and August defoliation treatments compared with plants defoliated in October. Furthermore, Reece et al. (1996) report that prairie sandreed had reduced biomass of etiolated tillers when single-growing season grazing periods occurred in June, July, or August compared with grazing that occurred during plant dormancy in October. In general, the most pronounced negative effects of defoliation on grass species were thought to occur when plants were in a rapid growth phase, such as elongation. However, some riparian or wetland species such as reed canarygrass (Phalaris arundinacea L.), a cool-season perennial, have been found to be very resistant to defoliation regardless of growth stage (Kilbride and Paveglio 1999) . Marten and Hovin (1980) reported that this species was not affected by cutting to a height of 4 to 7 cm up to four times in a growing season. Only repeated, intensive defoliation (2-wk intervals) was found to provide some control of reed canarygrass in a seasonal wetland Lyford (1993) .
Palatability and nutritional quality of grazed forages must be adequate to provide a desired level of performance. Diet quality is largely affected by plant maturity and stage of growth. Baran et al. (2002) report a crude protein content of 12.1% in P. australis leaves and stems; however, in vitro dry matter digestibility was significantly lower than meadow hay and only slightly higher than wheat straw.
Management Implications
Integrated management is important to control invasive plant species effectively. Reliance on a single technique can lead to poor containment, a failed eradication effort, and re-establishment of the target species over the long term. Natural areas can be challenging to implement integrated approaches effectively because of inaccessibility issues for machinery and lack of available biocontrol agents. By investigating previously untested techniques, the potential for implementing integrated management in an existing system could be high.
Targeted cattle grazing and herbicides can reduce the density and growth of common reed [Phragmites australis (Cav.) Trin. ex Steud.], which is a widely established invasive plant species in wetlands and riparian areas. To date, no biocontrol agent has been identified or released for P. australis. The presence of cattle in pastures and meadows adjacent to riparian areas infested with P. australis could be combined with herbicides for an integrated management approach.
We found that cattle effectively reduced stem density and height of P. australis over a 3-yr period. A single herbicide application was more effective than grazing. Although crude protein content of P. australis was adequate for most livestock classes, in vitro dry matter digestibility was relatively low, suggesting that some form of energy supplementation would be needed to create a better nutritional balance.
Similarly, Silliman (2014) found that P. australis had lower digestible dry matter content than five other marsh plant species, but crude protein was surprisingly high. The effect of maturity stage on nutritional value was also pronounced.
The goal of this project was to identify stocking and timing of defoliation variables that create a negative growth response in P. australis. Identification of these variables where this species has the greatest negative response could lead to the development of integrated management strategies. We chose grazing periods that would correspond with early summer rapid growth (June) and regrowth (August) phases of P. australis. The objectives were to (1) measure subsequent P. australis stem density, height, and biomass production in response to grazing and herbicide treatments and (2) determine forage quality of P. australis during grazing.
Materials and Methods
Site Description. (Table 1) . Previously, the plots used in this study had been part of a constructed wetland used for other research (Ullah et al. 2004) (Smart et al. 2012 ).
Vegetation Sampling. Aboveground P. australis biomass was determined immediately before each grazing event in June and August by hand-clipping standing, live vegetation to ground level in five randomly located quadrats (0.1 m 2 ) in each plot. Maximum height of P. australis stems was measured and recorded within each quadrat. The number of live stems (density) was counted while clipping. Clipped samples were bagged and oven dried at 60C to a constant weight. During June and August 2011, postgrazing biomass was also determined from five randomly located quadrats (0.1 m 2 ) in each grazed plot the day after cattle were removed. For this sampling, P. australis was sorted into standing live and trampled components and then dried and weighed. Trampled was defined as stems broken or bent to an angle of 458 or less. During 2012 and 2013, sampling was only conducted immediately before each grazing event. Although plots were not grazed in August 2013, vegetation sampling did occur at that time. A final sampling of P. australis stem density and height was conducted in the fall of 2014, 1 yr and 3 mo after the final grazing treatment and 3 yr and 3 mo after the herbicide treatment. Five quadrats (0.1 m 2 ) were randomly located in each plot, and stems were counted and height measured. Diet Quality. The six steers used to graze the P. australis plots were previously ruminally fistulated under the University of Nebraska's Institute for Animal Care and Use Committee's approval. Steers grazed cool-season grass pasture before and during the period between P. australis plot grazing. After the steers had acclimated to grazing P. australis (days 2 to 3), they were held overnight in a nearby handling facility. Early the next morning, their rumens were evacuated, and the steers were taken back to their respective plots and allowed to graze for 30 to 40 min. Steers were then taken back to the handling facility, and the diet samples were removed from the rumens and immediately frozen (À4C) until subsequent analysis. Rumen contents that had been removed were returned to its respective steer, and steers were again returned to the plots for grazing. Samples were then lyophilized (À50C) and ground in a Wiley mill (Thomas Scientific, Swedesboro, NJ) through a 1-mm screen. Samples were then analyzed for in vitro dry matter disappearance (IVDMD) using the method described by Tilley and Terry (1963) , except for the inclusion of 1g urea/L of McDougall's buffer as described by Weiss (1994) . The IVDMD values were adjusted by regressing them against a set of five hay standards included in the in vitro run whose in vivo digestibilities were known (Geisert et al. 2006) . Crude protein was determined in diet samples by the combustion method (AOAC 1996 ) using a C : N analyzer (Leco FP-528, St. Joseph, MI).
Statistical Analysis. Stem density, height, and biomass data of P. australis were analyzed using a mixed model in a repeated measure analysis. Main effects included year, treatment, month, and associated two-way interactions. Diet quality (crude protein [CP] and IVDMD) data analysis used the same procedure with year and month as the main effects. Replications (plots) were considered the experimental unit. All statistical analyses were conducted using the GLIMMIX procedure of SAS (SAS v.9.1, SAS Institute, Cary, NC 27513).
Results and Discussion
Annual precipitation was 16% above the long-term mean during 2011 and 2014, 38% below the long-term mean in 2012, and near the long-term mean in 2013. In 2012, drought conditions were severe during July, August, and September, with precipitation 77% below the longterm mean for that period (Table 1) . Conditions during that same period in 2013 were also dry, with precipitation 40% below the mean.
Stem Density. Stem density (mean 6 SE; 239 6 16 stems m À2 ), height (132 6 14 cm), and biomass (10,030 6 843 kg ha À1 ) of P. australis were similar between treatments at the start of the study (P . 0.05; Table 2) (June 2011). Our density estimate of P. australis was similar to that reported for sites along the Platte River in Nebraska (Rapp et al. 2012) . Compared with fresh water (tidal and nontidal) and brackish tidal marshes, our observed P. australis stem density was substantially higher (two to four times) and height was shorter (40 to 60%) than that reported in studies summarized by Meyerson et al. (2000) . Biomass, however, was comparable or slightly lower.
There was a significant year by treatment interaction for stem density (P , 0.05; Figure 1 ). The single application of imazapyr (Habitat) herbicide in July 2011 was effective in providing 100% control of P. australis through 2012. However, re-establishment was evident by August 2013 when average stem density was 2 stems m À2 and further increased to 7 stems m À2 in 2014. Musk thistle (Carduus nutans L.) and annual horseweed [Conyza canadensis (L.) Cronq.] were the other primary species present in the herbicide plots. There was no difference in density between the grazed treatment and control during either of the first 2 yr. However, in the third and fourth years after treatment initiation, stem density in the grazed treatment was 25 and 37% less than the control for the 2 yr, respectively. Although the reduction in the grazing treatment was not as great as the herbicide treatment, it is strong evidence of a cumulative effect of the grazing treatment on P. australis density and height over time. After 2 yr of periodic heavy grazing by goats, Silliman et al. (2014) found nearly a 50% reduction in stem density of P. australis. With year-round light grazing by cattle, Ausden et al. (2005) reported no difference in P. australis stem density between grazed and ungrazed areas. It was suggested that the lack of grazing effect on stem density was probably because cattle preferentially grazed the primary stems, which induces growth of larger numbers of secondary stems.
Height. There were significant year and treatment effects on P. australis height before the start of the grazing periods in June and August (P , 0.05; Figures 2A and 2B ). Height of P. australis in 2011 and 2014 (112 6 9 cm) was greater than in 2012 or 2013 (67 6 9 cm). Although dry conditions in 2012 likely contributed to the reduced height, treatment effects were also evident. Height of P. australis in the control (151 6 8 cm) was greater than that in the grazed (107 6 8 cm) and herbicide treatments (11 6 8 cm). Height in the grazed treatment was greater than that in the herbicide treatment. The reduction in height of P. australis under grazing compared with a control is consistent with other studies (Ausden et al. 2005; Silliman et al. 2014) . The effect of grazing on P. australis may be a result of lower overall energy reserves and vigor from repeated defoliation.
Biomass. A significant year by month by treatment interaction occurred for live P. australis biomass (P , 0.05; Table 2 ). In the control plots, an additional accumulation of about 2,000 kg ha À1 of plant material in 2011 was recorded from mid-June to mid-August and 2,900 kg ha À1 for this same period in 2013. No accumulation of biomass was observed from June to August during the drought year of 2012. In the grazed treatment, pregrazing June biomass averaged 7,840 kg ha À1 and declined to 2,630 kg ha À1 before grazing in August. This reduction of P. australis biomass under targeted grazing is consistent with that from other research, in which decreases in cover (Silliman et al. 2014 ) and biomass (Ausden et al. 2005; Brundage 2010 ) were reported. In 2011, June biomass was greater than in August, but months were similar in 2012 and 2013 (P , 0.05; Table  2 ). Likely, the mid-and late-summer drought conditions in 2012 and 2013 (Table 1) contributed to the lower biomass during those 2 yr. Re-establishment of P. australis in the herbicide treatment was evident by August 2013 when 830 kg ha À1 was present.
Trampling. Although within-season postgrazing biomass sampling was conducted only in 2011, considerable trampling of P. australis occurred, particularly during the June grazing period (73%) and to a lesser extent during the August period (46%). The high amount of trampling during June was likely attributed to the pregrazing P. australis density (244 stems m
À2
) and biomass (10,890 kg ha
À1
), whereas in August, pregrazing density (164 stems m
À2
) and biomass (2,190 kg ha À1 ) were less. Postgrazing standing live biomass averaged 2,370 and 1,250 kg ha À1 in June and August, respectively. Stems of P. australis were commonly broken under the impact of cattle movement and bedding (Volesky, personal observation). In many instances, stem breakage was observed to occur at the soil surface.
Forage Quality. There was a significant year effect on CP content of P. australis diet samples, where CP was greater in 2011 (16.8% 6 0.6) compared with 2012 (14.3% 6 0.5, P , 0.05). Our plots were burned only in spring 2011, and it is possible that this may have increased CP content that year. Others have reported increased CP content of grassland species after spring prescribed burns (Allen et al. 1976; Smith and Young 1959) . There was no difference in CP content (15.6%) between the June and August grazing periods (P . 0.05). Regrowth of P. australis in August that occurred after the June grazing had apparently reached a similar stage of maturity to that when grazing occurred in June. We observed that P. australis was in a late boot to inflorescence emerging stage of growth during both the June and August grazing periods. Much of the regrowth that occurred after the June grazing came from newly emerged stems, and existing trampled stems died (Volesky, personal observation).
IVDMD of P. australis diet samples averaged 45.4% 6 2.4 across years and months, with no year, month, or interaction effects (P . 0.05). Compared with other warmseason grass species at a similar harvest date, this level of IVDMD would be considered low. Waramit (2010) reported IVDMD of late June-harvested switchgrass (Panicum virgatum L.) and big bluestem (Andropogon gerardii Vitman) to be 55 and 57%, respectively. In general, our P. australis quality results of high CP and low IVDMD are similar to those reported by Silliman et al. (2014) . Overall, the relatively high levels of CP we observed would be more than adequate for a mature beef cow or even a growing animal. However, low digestibility would suggest that some form of energy supplementation would be needed to create a better nutritional balance if P. australis was the sole forage source for an extended period of time.
Our study found that grazing resulted in a significant reduction in P. australis stem density (38%) and stem height (33%) after 3 yr of treatment. Although our grazing pressure was considered relatively high, periods of grazing in June and August were short. The energy reserve capacity and reproductive potential of P. australis appears to mitigate some of the grazing effects. It might be possible to obtain greater suppression of P. australis through other grazing methods. Continuous grazing through the entire seasonal growth period, for example, would provide the potential for multiple stem defoliations as well as regrowth that occurs rapidly during midsummer. Nutritional balance of the grazing animals would need to be monitored closely when using this approach.
